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Abstract 
The inability to make normal foot movement adversely affects one’s livelihood since foot is an important mean to move around places. 
Stroke, cerebral palsy, multiple sclerosis (MS) and hemiplegia are well-known causes of foot impair. Ankle foot orthosis(AFO) is a 
technique to treat this ailments by fitting a brace around the foot to stimulate the nerve. Once fitted, patient’s foot would be at 90 ̊ position 
during swing phase or walking similar to stance phase i.e. upright standing position. One of the innovations has been made to AFO is by 
attach actuator to assist ankle movement up and down.  This paper is deal with mechanism sensor detection to give a better performance 
for a new active ankle foot orthosis. The objective of this research is proposed a mechanism to control actuator movement using force 
sensor. The method to control the actuator is based on real time approach where input is directly received from foot and transfer to output 
actuator movement.  Flexiforce sensors have been choosing as an input data by receive force from foot patient. The input data will be sent 
to the computer and process using LABViEW programming. The receive force transfers the information to the actuator as an output and 
also encoder to sense movement at particular phase of gait cycle. From the graph motor rotation versus force shown a good integration 
between input force sensor and actuator(motor). This is a real time approach that gives advantages to acquire a smooth movement based 
on proper timing and user position during walking. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
Legs are vital parts of human body which facilitate walking movement from one place to another. But the ability to walk 
normally may be disrupted by neurological disorder which may caused by spinal cord injury, stroke and trauma. Ankle Foot 
Orthosis(AFO) is a device which rehabilitates normal walking gait by maximizing muscle movements to restore its 
strength.[1] It requires the user to make repeated leg movements. Traditionally, this task is conducted by a physiotherapist 
who facilitates the patients in making repeated movements. With the advancement of technology, this task is now handled 
by mechanical ‘actuator’ system such as motor, pneumatic or hydraulic actuator known as active ankle foot orthosis.[2] 
 
AFO is equipped with a controller which controls critical ankle motion during dorsiflexion and plantarflexion i.e. up and 
down movements respectively. This requires programming to ensure that such movements mimic normal gait pattern. The 
type of programming is divided by three approach which is passive programming approach, pre-programming approach and 
real-time programming approach. 
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Passive programming approach operates based on data input such as degree of deflexion, time and speed which are fed 
into the controller. When the device is activated (ON), the user walks according to AFO motion until the device is turned 
OFF. Hence, passive programming approach is more suitable if the user’s foot is off ground. 
 
Pre programming approach is used to make AFO more practical for walking on surface. Limit switch is fitted at the heel 
and toe parts of AFO and placed under the foot surface to control foot movements. If the switch positioned at either heel or 
toe is activated, actuator will make dorsiflexion or plantarflexion movements according to preset speed and ankle degree. 
However, the movements do not mimic normal gait pattern perfectly and may affect the outcome of walking recovery. 
 
To overcome this shortcoming, real time approach is introduced to Active Ankle Foot Orthosis(AAFO) controller. In this 
research work we study on integration force sensor to control the actuator. Three force sensors are proposed to fitted on 
AAFO’s foot plate surface for supply force information to controller so that proper movements can be made based proper 
timings and user’s position during walking movements. 
 
2. Methodology 
2.1 Sensor Selection 
 
The selection of appropriate sensor is important for smooth movements which resembles normal gait cycle. The selection 
process considers the following aspects; range, frequency, response, sensitivity, accuracy, environment condition and cost in 
which Flexiforce meet these criteria very well.[2] Fig. 1 shown the flexiforce sensor that using for supply force input to 
controller. 
 
 
 
 
Fig. 1. Flexiforce sensor manufacture by Tekscan Incorporated 
 
The flexiforce sensors are constructed of two layers of substrate that composed of polyester film (or polyimide in the 
case of the High Temperature Sensors). A conductive material (silver) is applied on this film followed by a layer of pressure 
sensitive ink. Then the two layers of subtraction are wrapped together using adhesive. The sensing area can be identified by 
looking at the silver circle on the top of the pressure sensitive ink. The solderable male square pin connector fitted at the end 
of flexiforce sensor and integrated into a circuit. Only two outer pin are used while the remaining pin at the centre is 
unused.[3] 
 
This sensor technology is based on resistance. When force is applied to the active sensing area, it results in the change of 
resistive sensing element proportional to the force applied. Graph resistance and conductance versus force at fig. 2 is plot to 
shown the curve pattern.  
 
Connector pin 
Sensing area 
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Fig. 2. Graph resistance and conductance curve  
 
At the beginning with no force applied, the resistance at sensing element is very high (greater than 5 Mega-ohms) or can 
be assumed as an open circuit. After the load is applied, the output resistive drop to the certain level depends on the applied 
force. As shown in fig. 2 above, the graph straight line is expressed in conductance versus force. The linear analogue 
voltage can be obtained by connecting the flexiforce sensor to the converter circuit.[3] 
 
Force sensors are used to measure force. It can also be used to measure the weight or mass. Force sensors can be 
integrated into an orthosis or prosthesis to measure ankle or wrist forces, moments and loads. It can also be used in gait 
analysis to measure ground reaction forces and loads exerted by a strap or pad in an orthosis.[4] 
 
Table 1. Properties flexiforce sensor 
 
Properties 
Thickness 0.203 mm 
Length 197 mm 
Width 14 mm 
Sensing area 9.53 mm (diameter) 
Operating temperature range -9 oC to 60 oC 
Repeatability ± 3.5% of full scale 
Response time < 5 microsecond 
Cost RM200/piece 
 
2.2 Placement of Sensors  
 
After the selection of suitable sensor, the second important things is choosing the best place to position the flexiforce 
sensor in order to acquire the prominent pressure distribution around the bottom of foot. From the experiment done by 
George C. Trachtenberg, using Tekscan F-scan system, the pressure distribution on the foot while standing and walking is 
shown in figure below.[5] Tekscan F-scan system is a one of the technology from Tekscan Incorporation using pressure 
sensor to display pressure mapping on the foot. This device consists of 960 sensing element which is very sensitive to the 
pressure. It cans measures pressure from ranges 345 kPa up to 862 kPa. Other advantages of F-scan are its portability to be 
used at various places and the sensor is custom-made to fit the user.[3] Fig. 3 depicts the pressure distribution while walking 
condition. The red colour is the highest pressure, it followed by yellow, green and the less pressure is blue colour.  
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Fig. 3. Pressure distribution of the AFO during walking[5] 
 
From the gait cycle pattern of person at stance phase and swing phase, the pressure is more concentrated at the lower part 
of the fore foot and at the heel. It can be conclude that force sensor must be put at the area heel, lower fore foot and thumb 
where the concentrated pressure is found.[4] Three force sensors are decided to place at that concentrated pressure area. 
 
2.3 Design and Control 
 
AAFO is the combination of several sensors (Flexiforce sensor A201 from Tekscan Incorporation) which feed real time 
signal to the computer which moves the motor. Sensors fitted on foot surface (foot plate) receive force input from the foot 
during walking and standing. Analogue input will be converted into digital input by Analogue Digital Converter (ADC) 
circuit then move into National Instrument Universal Motion Interface (NI UMI 7764) and finally sent to the computer to be 
processed. 
 
The processed data will be displayed by LABViEW programming in the form of graphical code. LABViEW 
programming consists of two components which are front panel and block diagram. Front panel displays input and output 
data obtained from the connector panel whereas block diagram represents virtual instruments (Vis) which produce data for 
indicator and front panel. From fig. 4, it showed the schematic diagram flow of actuator controller from receive force input 
until produce output rotation motor.  
 
 
 
Fig. 4. Schematic diagram AAFO controller 
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The computer which is equipped with PCI-7740 slot card receives signal from sensor and transfers the information to the 
output to move the motor as well as making analysis on ankle degree, speed, acceleration, torque, feedback etc. The 
received force signal also gives output to encoder to sense movement at particular degree at particular phase of gait cycle. 
 
2.4 System Evaluation 
 
To see the effectiveness of force sensor fitted to the foot, a test was conducted by digital force gauge equipment. Force 
sensor was first dismantled from interface and later placed on foot plate AFO surface shown as fig. 5. 
 
   
 
Fig. 5. (a) AAFO from side view and  (b) AAFO from front view 
.  
Force from vertical direction are given to area foot plate consist of force sensor. Digital force gauge measured the 
pressure applied by the foot during standing and walking. The result is shown at the front panel using LABViEW 
programming. 
 
3.  Results and Discussion 
Voltage +10 volt to -10 volt is applied to the circuit and the analogue value range from -2048 to +2047 used signed 12bit. 
Before running the system the force sensor was calibrated. To calibrate, apply a known force to the sensor, and equate the 
sensor resistance output to this force. Repeat this step with a number of known forces that approximate the load range to be 
used in testing and plot graph analogue value versus force (fig. 6).  
 
 
 
Fig. 6. Configuration of the flexiforce sensor 
 
A linear interpolation can then be done between zero load and the known calibration loads, to determine the actual force 
range that matches the sensor output range.[3] from the graph, the linearity, R2 = 0.981 which is refer to ability sensor 
response to the applied load, over the range of the sensor. And the equation from this graph is y = 2.89x + 177.6 
 
Based on the experimental results, the integration between rotation motor and force applied to the force sensor can be 
shown in the graph. The position is counted using by step unit which consists of Pulse Width Modular (PWM). One full 
rotation is equal with 2000 counts which after being divided by one rotation, every 1 degree of rotation were equal to 5.5 
counts. 
 
From fig. 7, the graph showed a linear correlation between value force and position (rotation). When the force is 
increased, the position also increased and the graph curve is almost a straight line.  
Flexiforce sensor 
Digital force gauge 
Active ankle foot orthosis 
(AAFO) 
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Fig. 7.  Rotation  of motor proportional to the force applied 
 
The experiment only covered the applied force until 45 Newton only even though the real force from foot can reach two 
times of a person’s weight. Thus, the experiment wants to show the relationship between the force applied and rotation 
motor. 
 
4. Conclusions 
One of the factor to make active ankle foot orthosis as a good equipment rehabilitation and treatment is a availability to 
produce a good controller to handle a foot movement smoothly similarly normal gait pattern. By using flexiforce sensor, the 
timing to moving actuator is based on real time approach. This is meaning, the ankle only will be move after the foot 
loading or drop properly on the floor refer to the certain force at the foot. It also same to the swing phase condition where 
the foot leave the floor and move upward after receive certain force. 
If symbols are used extensively, a nomenclature list arranged alphabetically, with Greek, subscript and superscript 
symbols listed separately, should be provided. Put a nomenclature above the main text if necessary, in a box with the same 
font size as the rest of the paper. Otherwise all symbols should be identified when first used in the text. The unit of the 
nomenclatures should be clarified following the description text. Authors are expected to use the SI system of units.  Use 
Mathtype software to edit nomenclatures with Greek characters. Here introduce the paper, and the paragraphs continue from 
here and are only separated by headings, subheadings, images and formulae. The section headings are arranged by numbers, 
bold and 10 pt. Here follows further instructions for authors. 
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